We emphasize the power of correlations between flavour observables in the search for New Physics and identify a number of correlations that could allow to discover New Physics even if it would appear at the level of 20% of the Standard Model contributions. After presenting the simplest correlations in CMFV and U(2) 3 models we address the recent data on B s,d → µ + µ − and the anomalies in B d → K * µ + µ − in the context of Z -models and SM Z, both with flavour violating neutral couplings. A strategy consisting of twelve steps which concentrate on theoretically clean observables, to be measured in this decade, could one day allow us to reach the Zeptouniverse. The related DNA charts based on the correlations between enhancements and suppressions of various observables in a given New Physics scenario relative to the Standard Model predictions allow a transparent distinction between various extensions of this model. The present text is the extended version of the talk to be published in the proceedings of this symposium.
Overture
In spite of tremendous efforts of experimentalists and theorists to find New Physics (NP) beyond the Standard Model (SM), no clear indications for NP beyond dark matter, neutrino masses and matter-antimatter asymmetry in the universe have been observed. Yet, the recent discovery of a Higgs-like particle and the overall agreement of the SM with the present data shows that our general approach of describing physics at very short distance scales with the help of exact (QED and QCD) and spontaneously broken (for weak interactions) gauge theories is correct.
As the SM on the theoretical side is not fully satisfactory and the three NP signals mentioned above are already present, we know that some new particles and new forces have to exist, hopefully within energy scales being presently directly explored by the LHC or not far above them. The upgrade in the energy of the LHC, the upgrade of the LHCb, SuperKEKB and dedicated Kaon physics experiments at CERN, J-PARC and Fermilab, as well as improved measurements of lepton flavour violation (LFV), electric dipole moments (EDMs) and (g − 2) µ,e will definitely shed light on the question whether NP is present below, say, 100 TeV. However in the coming decades to go beyond 10 TeV will require the study of very rare processes. These are in particular flavour violating and CP-violating rare decays of mesons, EDMs, LFV and (g − 2) µ,e . As this is an indirect search for NP one has to develop special strategies to reach the Zeptouniverse, that is scales as short as 10 −21 m or equivalently energy scales as high as several hundreds of TeV. The present talk discusses some of such strategies developed in my group at the Technical University in Munich during last ten years. They are summarized in [1] 1 .
Main Strategy
The identifcation of NP through rare processes, that is through quantum fluctuations, will require
• many precise measurements of many observables and precise theory,
• intensive studies of correlations between many observables in a given extension of the SM with the goal to identify patterns of deviations from the SM expectations characteristic for this extension,
• intensive studies of correlations between low energy precision measurements and the measurements at the highest available energy, that is in the coming decades the measurements in proton-proton collisions at the LHC. Now in the search for NP one distinguishes between bottom-up and top-down approaches. In my view both approaches should be persued but I think that in the context of flavour physics and simultaneous exploration of short distance physics both through LHC and high precision experiments the top-down approach is more powerful. Here are my arguments.
In the bottom-up approach one constructs effective field theories involving only light degrees of freedom including the top quark and Higgs boson in which the structure of the effective Lagrangians is governed by the symmetries of the SM and often other hypothetical symmetries. This approach is rather powerful in the case of electroweak precision studies and definitely teaches us something about ∆F = 2 transitions. In particular lower bounds on NP scales depending on the Lorentz structure of operators involved can be derived from the data [2, 3] . However, except for the case of minimal flavour violation (MFV) and closely related approaches based on flavour symmetries, the bottom-up approach ceases, in my view, to be useful in ∆F = 1 decays, because of very many operators that are allowed to appear in the effective Lagrangians with coefficients that are basically unknown [4, 5] . In this approach then the correlations between various ∆F = 2 and ∆F = 1 observables in K, D, B d and B s systems are either not visible or very weak, again except MFV and closely related approaches. Moreover the correlations between flavour violation in low energy processes and flavour violation in high energy processes are lost. Again MFV is among few exceptions.
On the other hand in the top-down approach one constructs first a specific model with heavy degrees of freedom. For high energy processes, where the energy scales are of the order of the masses of heavy particles one can directly use this "full theory" to calculate various processes in terms of the fundamental parameters of a given theory. For low energy processes one again constructs the low energy theory by integrating out heavy particles. The advantage over the bottom-up approach is that now the Wilson coefficients of the resulting local operators are calculable in terms of the fundamental parameters of this theory. In this manner correlations between various observables belonging to different mesonic systems and correlations between low energy and high-energy observables are possible. Such correlations are less sensitive to free parameters than individual observables and represent patterns of flavour violation characteristic for a given theory. These correlations can in some models differ strikingly from the ones of the SM and of the MFV approach.
Having the latter strategy in mind I have in the last ten years investigated together with my young collaborators flavour violating and CP-violating processes in a multitude of models. The names of models analyzed by us until June 2012 are collected in Fig. 1 . A summary of these studies with brief descriptions of all these models can be found in [6, 7] . Here, I will concentrate on most recent analyses that have been performed after the second of these two reviews and are not shown in Fig. 1 . They are reviewed in [1] .
Simplest Correlations
I would like first to recall few correlations that are very simple and presently rather relevant. The first two are the ones in models with constrained Minimal Flavout Violation (CMFV) [8, 9] 
and [10] 2
where the departure of r from unity measures effects which go beyond CMFV. Indeed, the most recent data on these very rare decays from LHCb and CMS collaborations give first indications that NP contributions to B s → µ + µ − are much smaller than the SM contribution and in particular the relation (3.2) but also (3.1) could turn out to be an important tool in the coming years to identify NP. On the other hand the data on B d → µ + µ − exhibit some departure from SM expectations but we have to wait for improved data in order to see whether NP is here at work. We compare the relation (3.2) with present data in Fig. 2 , where we included ∆Γ s effects in B s → µ + µ − as discussed below. We will soon investigate what kind of NP could give a better description of the data than it is presently the case of CMFV.
While experimentalists from CMS and LHCb should be congratulated on the measurements on such low branching ratios, their result for B s → µ + µ − has been predicted by theorists more than a decade ago. The first NLO-QCD calculation of these decays has been performed 20 years ago in [16] . In contrast to what is stated usually in the literature, the most important result of this paper was not the reduction of the scale uncertainty due to the choice of the scale in m t but the inclusion of a factor of two in the branching ratios for B s,d → µ + µ − which was missed in the previous literature. This factor of two can be appreciated for the first time this year. Indeed, the most recent predictions in the SM [17, 18] and the most recent averages from LHCb [19] and CMS [20] are given as follows:
The "bar" in the case of B s → µ + µ − indicates that ∆Γ s effects [21] [22] [23] have been taken into account. These two branching ratios are related through [23]
where
The observable A
can be extracted from the untagged time-dependent studies and generally depends on NP but knowing it experimentally allows to determine B(B s → µ + µ − ) which is usually calculated by theorists. In the SM and CMFV we have A µ + µ − ∆Γ = 1 and the inclusion of ∆Γ s effects rescales the branching ratio B(B s → µ + µ − ) upwards. The amount of this rescaling depends on the experimental value of y s . While at the time of the analyses in [17, 18] one had y s = 0.088 ± 0.014, the most recent value is y s = 0.062 ± 0.009 [24] . This changes the SM value in (3.3) to 3.46 but we will not do it here as such small modifications should be included together with complete NLO electroweak corrections (Bobeth, Gorbahn and Stamou) and NNLO QCD corrections (Hermann, Misiak and Steinhauser) that should appear in the arxiv soon.
Clearly in the case of B d → µ + µ − large deviations from SM prediction are still possible. But in the case of B(B s → µ + µ − ) deviations by more than 30% from its SM value seem rather unlikely. Yet, the reduction of the error in the SM prediction down to 3 − 4% is still possible and this would allow to see NP at the level of 20% provided the measurements improve. We observe that while the data for B(B s → µ + µ − ) are by 1σ lower than the SM prediction, the data on B(B d → µ + µ − ) are by 1.9σ above its SM value. Removing the ∆Γ s effect by means of (3.5) from the experimental value for B(B s → µ + µ − ) we find
to be compared with r = 1 in CMFV. Even if in view of large experimental uncertainties one cannot claim that NP is at work here, the plot in Fig. 2 invites us to investigate whether the simplest models could cope with the future more precise experimental results in which the central values of the branching ratios in (3.3) and (3.4) would not change by much. In CMFV and MFV at large [14] , that are both based on the U(3) 3 flavour symmetry, the measurement of the mixing induced asymmetry S ψK S together with the unitarity of the CKM implies that the analogous asymmetry in the B 0 s −B 0 s system, S ψφ , is very small: 0.036 ± 0.002. Presently the data give S ψK S = 0.679 ± 0.020, S ψφ = −(0.04
and although S ψφ is found to be small [24] it can still significantly differ from its SM value, in particular if it had negative sign 4 . If this indeed turned out to be the case, one possible solution would be to decrease the flavour symmetry down to U(2) 3 , the NP scenario studied in particular in [26] [27] [28] . As pointed out in [29] in the simplest versions of these models in which this symmetry is broken minimally, there is a stringent triple correlation S ψK S − S ψφ − |V ub | that constitutes an important test of this NP scenario. We show this correlation in Fig. 3 for γ between 58 • and 78 • . The latter dependence is very weak and is represented by the thickness of the lines. Note that in a U(2) 3 symmetric world, |V ub | could be determined with very small hadronic uncertainties by simply measuring S ψφ and S ψK S . However, it is more interesting to extract |V ub | from tree level decays and check whether this triple correlation is satisfied.
But now comes an important point. In this simple scenario the relation (3.2) is still valid [29] even if the branching ratios and ∆M s,d can all differ from their SM values. This means that if the experimental grey area in Fig. 2 will not move and it will decrease in the future our world is either not U(2) 3 symmetric or the breakdown of this symmetry is more involved. We will then have to look for other alternatives. One of the simplest alternatives that can cope with this challenge are models with tree level FCNCs which we will discuss next.
Correlations between Flavour Observables in Models with Tree Level FCNCs
During the last year we have studied flavour observables in models in which FCNC processes are mediated at tree-level by neutral gauge bosons [30] [31] [32] and neutral scalars or pseudoscalars [18, 33] . While such processes have been studied in the literature for the last three decades 5 , we still could contribute to this field by identifying certain correlations between several flavour observables that have not been presented in the past. Moreover, in [44] we have calculated for the first time the complete NLO-QCD corrections to tree-level contributions of colourless gauge bosons and scalars to ∆F = 2 transitions. The corresponding calculations for non-leptonic ∆F = 1 transitions have been presented in [45] .
The structure of such NP contributions is very simple. A tree level contribution to a ∆F = 2 transition, like particle-antiparticle mixing, mediated by a gauge boson Z is described by the amplitude d and B 0 s meson system, respectively. The overall flavour independent factor a is a numerical constant that generally depends on L and R but we suppress this dependence. If we assume that only left-handed or right-handed couplings are present or that left-handed and right-handed couplings are either equal to each other or differ by sign, then this amplitude for a fixed (i, j) is described only by two parameters, the magnitude and the phase of the reduced coupling∆
On the other hand a tree-level amplitude for a ∆F = 1 transition like a leptonic or semi-leptonic decay of a meson with µμ in the final state has the structure leptons are not proportional to lepton masses as is the case of the SM Higgs. Moreover it should be emphasized that in a particular NP scenario the FCNC couplings in question could be generated first at the one-loop level. Also in this case the formulae above would apply but then one should check whether genuine loop contributions to FCNC processes in this model are equally important or even more important. In what follows we assume that such contributions are subleading. Now we can constrain the ∆ bs B (Z ) couplings by the data on ∆M s and the CP-asymmetry S ψφ and the couplings ∆ bd B (Z ) by the data on ∆M d and the CP-asymmetry S ψK S . In the case of ∆ sd B (Z ) we have mainly ε K to our disposal as ∆M K being subject to significant hadronic uncertainties provides much weaker constraint than ε K in the models in question.
Once these constraints on the magnitude and the phase of new couplings are imposed and the allowed values are used for the predictions for rare decays it is evident that correlations between various observables are present. It is particularly interesting that the pattern of these correlations depends on whether a gauge boson, a scalar or pseudoscalar mediates the FCNC transition. As the scalar contributions cannot interfere with SM contributions, only enhancements of branching ratios are possible in this case. A tree-level gauge boson contribution and pseudoscalar contribution interfer generally with the SM contribution but the resulting correlations between observables have different pattern because of the i in the coupling iγ 5 of a pseudoscalar to leptons. We refer for detailed analytic explanation of these differences to [33] .
In Fig. 4 we show the correlation between S ψφ and B(B s → µ + µ − ) in the case of pure left- handed Z , pseudoscalar and scalar couplings. The blue and magenta regions correspond to two solutions for the phase of the involved coupling ∆ bs L , differing by 180 • , which cannot be distinguished by ∆M s and S ψφ alone. In the Z case they correspond to correlation and anticorrelation between S ψφ and B(B s → µ + µ − ). The smaller cyan and purple regions are obtained when U(2) 3 symmetry is imposed on the couplings. The same colour coding is used in the A 0 and H 0 case. The gray region corresponds to one σ in (3.3) and (3.8) and the green region is allowed by other data on b → sl + l − transitions like B → K * ll. Further distinction between different regions can be obtained by studying other observables like CP-asymmetry S s µ µ in B s → µ + µ − and the transitions b → sνν but the correlation with the latter decays requires the relative size of muon and neutrino couplings. There is no space to present these correlations here. They can be found in [33] . In particular simultaneous study of B → K(K * )νν and B → X s νν can provide information about the importance of right-handed couplings [46] [47] [48] .
The three plots in Fig. 4 show rather spectacular differences between these three NP scenarios, that can be distinguished from each other provided the departures from SM values are sufficiently large. For instance in the case of the branching ratio for B s → µ + µ − being smaller than its SM value, H 0 scenario would be excluded. The fact that there is no overlap between SM prediction and the allowed range in A 0 case is related to the requirement of suppressing ∆M s below its SM value in order to obtain better agreement with experiment. In the Z case the structure is still different and the latter requirement implies a non-vanishing CP-asymmetry S s µ µ which vanishes in the SM. See [33] for corresponding plots.
Yet one should warn the reader that the particular pattern of correlations between S ψφ and B(B s → µ + µ − ) seen in Fig. 4 depends on whether the SM value for ∆M s is above the data as used in [31] or smaller or equal to it. This has been emphasized and illustrated in [30] in the context of an explicit 3-3-1 model and recently analyzed more generally in view of the new data on B s,d → µ + µ − and anomalies in B d → K * µ + µ − in [49] . Let us then briefly summarize the main findings of the latter paper. 
Tree-Level FCNCs Facing New Data
In addition to new results on B s,d → µ + µ − , LHCb collaboration reported new results on angular observables in B d → K * µ + µ − that show significant departures from SM expectations [50, 51] . Moreover, new data on the observable F L , consistent with LHCb value in [50] have been presented by CMS [52] . These anomalies in B d → K * µ + µ − triggered recently two sophisticated analyses [41, 42] with the goal to understand the data and to indicate what type of new physics could be responsible for these departures from the SM. Both analyses point toward NP contributions in the modified coefficients C 7γ and C 9 with the following shifts with respect to their SM values:
Other possibilities, in particular involving right-handed currents, have been discussed in [42] . We are looking forward to the analysis of the authors of [53, 54] in order to see whether some consensus about the size of anomalies in question between these three groups has been reached. References to earlier papers on B → K * µ + µ − by all these authors can be found in [41, 42, 54] and [1] . It should be emphasized at this point that these analyses are subject to theoretical uncertainties, which have been discussed at length in [41, [55] [56] [57] [58] [59] and it remains to be seen whether the observed anomalies are only result of statistical fluctuations and/or underestimated error uncertainties. Assuming that this is not the case we have investigated in [49] whether tree-level Z and Z-exchanges could simultaneously explain the B d → K * µ + µ − anomalies and the most recent data on B s,d → µ + µ − . In this context we have investigated the correlation between these decays and ∆F = 2 observables. The outcome of this rather extensive analysis can be briefly summarized as follows:
• The so-called LHS scenario for Z or Z FCNC couplings (only left-handed quark couplings are flavour violating) provides a simple model that allows for the violation of the CMFV relation between the branching ratios for B d,s → µ + µ − and ∆M s,d . The plots in Figs. 5 and 6 for Z and Z illustrate this.
• However, to achieve this in the case of Z the experimental value of ∆M s must be very close to its SM value and ∆M d is favoured to be by 5% larger than (∆M d ) SM . S ψφ can still deviate significantly from its SM value.
• In the case of Z, both ∆M s and S ψφ must be rather close to their SM values while ∆M d is favoured to be by 5% smaller than (∆M d ) SM .
• As far as the anomalies in B → K * µ + µ − are concerned Z with only left-handed couplings is capable of softening the anomalies in the observables F L and S 5 in a correlated manner as proposed [41, 42] . However, a better description of the present data is obtained by including also right-handed contributions with the RH couplings of approximately the same magnitude but opposite sign. This is so-called ALRS scenario of [31] . We illustrate this in Fig. 7 . This is in agreement with the findings in [42] . Several analogous correlations can be found in [49] . We should emphasize that if Z is the only new particle at scales O( TeV) than C NP 7γ can be neglected implying nice correlations shown in Fig. 7 .
• Strict correlation betweenB(B s → µ + µ − ) and the branching ratio for B d → Kµ + µ − at high q 2 as a function of C NP 9 in LHS has been found 6 . We show it in Fig. 8 . The error in the SM prediction for B(B d → Kµ + µ − ) is in the ballpark of 10% but the lattice calculations will certainly decrease it with time [60, 61] . This error should be taken into account in the lines corresponding to NP predictions with C NP 9 = 0. Indeed in agreement with [42] only |C NP 9 | ≤ 1.0 is allowed at 1σ which is insufficient, as seen in Fig. 7 , to remove completely
• The SM Z boson with FCNC couplings to quarks cannot describe the anomalies in B → K * µ + µ − due to its small vector coupling to muons.
Finally, let us emphasize that NP effects in K + → π + νν and K L → π 0 νν can be very large in both Z and Z scenarios but are bounded by the upper bound on K L → µ + µ − [31] .
Towards the new SM in 12 Steps and DNA-Charts
The identification of NP indirectly will require many measurements. The most important are shown in Fig. 9 taken from [1] , where we have outlined a strategy consisting of 12 steps for identifying the correct extension of the SM. Very important are the first two steps which should allow to obtain precise predictions for the observables considered in the remaining 10 steps within the SM. Finding the deviations from SM predictions for these observables in future measurements performed in this decade and studying correlations between these deviations should allow at least to identify some routes to be followed which one day could bring us to the Zeptouniverse. However, as we stressed above, the pattern of deviations from SM predictions depends crucially on the outcome of first two steps. The analyses in [49, 62] show this in explicit terms.
As emphasized in [1] already the pattern of signs of departures from SM expectations in various observables and the correlations or anti-correlations between these departures could exclude or support certain NP scenarios. In order to depict various possibilities in a transparent manner a DNA-Chart has been proposed to be applied separately to each NP scenario. In Fig. 10 we show the DNA-chart of CMFV and the corresponding chart for U(2) 3 models is shown in Fig. 11 . The DNA-charts representing models with left-handed and right-handed flavour violating couplings of Z and Z can be found in Fig. 12 .
The interested reader may check that these charts summarize compactly the correlations that are discussed in detail at various places in [1] . In particular we observe the following features:
• When going from the DNA-chart of CMFV in Fig. 10 to the one for the U(2) 3 models in Fig. 11 , the correlations between K and B s,d systems are broken as the symmetry is reduced from U(3) 3 down to U(2) 3 . The anti-correlation between S ψφ and S ψK S is just the one shown in Fig. 3 . • As the decays K + → π + νν, K L → π 0 νν and B → Kνν are only sensitive to the vector quark currents, they do not change when the couplings are changed from left-handed to right-handed ones. On the other hand the remaining three decays in Fig. 12 are sensitive to axial-vector couplings implying interchange of enhancements and suppressions when going from L to R and also change of correlations to anti-correlations between the latter three and the former three decays. Note that the correlation between B s → µ + µ − and B → K * µ + µ − does not change as both decays are sensitive only to axial-vector coupling.
• However, it should be remarked that in order to obtain the correlations or anti-correlations in LHS and RHS scenarios it was assumed in the DNA charts presented here that the signs of the left-handed couplings to neutrinos and the axial-vector couplings to muons are the same which does not have to be the case. If they are opposite the correlations between the decays with neutrinos and muons in the final state change to anti-correlations and vice versa.
• On the other hand due to SU(2) L symmetry the left-handed Z couplings to muons and neutrinos are equal and this implies the relation
Therefore, once two of these couplings are determined the third follows uniquely without the freedom mentioned in the previous item.
• In the context of the DNA-charts in Fig. 12 , the correlations involving K L → π 0 νν apply only if NP contributions carry some CP-phases. If this is not the case the branching ratio for K L → π 0 νν will remain unchanged relativ to the SM one.
If in the case of tree-level Z and Z exchanges both LH and RH quark couplings are present which in addition are equal to each other (LRS scenario) or differ by sign (ALRS scenario) then one finds [31] • In LRS NP contributions to B s,d → µ + µ − vanish but not to K L → π 0 νν, K + → π + νν and B d → Kµ + µ − .
• In ALRS NP contributions to B s,d → µ + µ − are non-vanishing and this also applies to B d → K * µ + µ − as seen in the right panel of Fig. 7 . On the other hand they vanish in the case of K L → π 0 νν, K + → π + νν and B d → Kµ + µ − .
In summary there are exciting times ahead of us and following the 12 Steps in Fig. 9 and studying correlations between various observables we may one day reach the Zeptouniverse.
